Background 26 The genus Aethionema is a sister-group to the core-group of the Brassicaceae family 27 that includes Arabidopsis thaliana and the Brassica crops. Thus, Aethionema is 28 phylogenetically well-placed for the investigation and understanding of genome and 29 trait evolution across the family. We aimed to improve the quality of the reference 30 genome draft version of the annual species Aethionema arabicum. Secondly, we 31 constructed the first Ae. arabicum genetic map. The improved reference genome and 32 genetic map enabled the development of each other.
Genome version 2.5 contains 3,166 scaffolds, has an N50 of 564,741 bp and was 144 published as version 2.5 on https://genomevolution.org/coge/. . 154 These two ecotypes were used as parents for the development of the recombinant 155 inbred line population, where TUR was the father and CYP the mother. Seeds from 156 initial F1 plants were used to generate an initial F2 population. For each of the 216 157 segregating F2 plants, a single seed was randomly chosen to further grow and 158 reproduce the next generation. The procedure was repeated until F8, when the 159 experiment was performed with 216 RILs. 160 To grow the plants for the GBS, F8 seeds of 216 RILs were placed on filter paper, 161 wetted with distilled water, in petri dishes. Imbibed seeds were incubated at 4°C in dark 162 for 3 days, followed by germination in the light at 20°C for 2 days. Seedlings were 163 transferred to soil pots (10.5 cm diameter 10 cm height) in November 2014. Plants Young tissues from leaves and flower buds were collected from each F9 plant for DNA 169 isolation. The DNA isolation was done according to a modified CTAB protocol [17] . In 170 brief, plant material was frozen with liquid nitrogen and ground into powder. Each 171 sample was incubated with 500 µl of CTAB buffer at 65°C in the water bath for 30 min. 172 After 30 min cooling at room temperature, equal volume (500 µl) of 173 chloroform:isoamylalcohol (24:1 v/v) was added, and vigorously hand-mixed for a min. 174 400 µl of supernatant was recovered after centrifuging at maximum speed for 5 min. 175 The supernatant was cleaned again with a chloroform:isoamylalcohol step. DNA 176 precipitation was performed by adding an equal volume of cold isopropanol with 30 177 min incubation on ice and centrifugation at maximum speed for 15 min. The DNA pellet 178 was cleaned twice with 1 ml of 70% ethanol and centrifugation at maximum speed for 179 5 min. Dry DNA pellet was dissolved in Milli-Q water. 180 Constructing GBS libraries 181 DNA was treated with RNAse overnight at 37°C with RNAse one by Promega. Quality 182 was checked on a 1% agarose gel and DNA quantity was checked with Pico Green. 183 Based on this, DNA was diluted down to 20 ng/µl with MQ water and used in further 184 analysis. GBS was performed in general by following the procedure described in [18] . 
222
Positional information from aligned SAM files was stored in the TASSEL database 223 using the SAMToGBSdbPlugin. The DiscoverySNPCallerPlugin was run using the 224 following parameters: mnLCov: 0.1, mnMAF: 0.01. Found SNPs were scored for 225 quality using SNPQualityProfilerPlugin and the Average taxon read depth at SNP was 226 used as a quality score for filtering in the next step (minPosQS parameter), these 227 scores were written to the TASSEL database using UpdateSNPPositionQualityPlugin.
228
Finally, the ProductionSNPCallerPluginV2 was run with the following parameters: Avg 229 Seq Error Rate: 0.002, minPosQS: 10, mnQS: 20.
230
Genetic map calculation 231 We used JoinMap v4.1 for the genetic map construction [21, 22] . The genetic map v2.5 232 was built with 749 SNPs generated by GBS based on genome v2.5 (unprocessed and 233 processed data available as S1 and S2). A set of 632 SNPs called according to 234 genome 3.0 was used for the genetic map v3.0 (unprocessed and processed data 235 available as S3 and S4). Regression and Maximum likelihood mapping were used to 236 calculate these maps (the linkage group information for both 2.5 and 3.0 genetic maps 237 are available as S5).
238

(iii) Genome improvement 239
Genome version vAM: AllMaps
240
We ran AllMaps [12] with default setting to combine genetic map v2.5 and physical 241 map genome v2.5. This step resulted in genome vAM, in which scaffolds were ordered 242 and oriented to reconstruct chromosomes.
243
Contamination removal 244 The Ae. arabicum scaffolds v2.5 were checked for contaminations. PBjelly2 was used to improve genome v2.5 and vAM. Comparing the results, we found 296 some scaffold connections which were made by PBjelly2 (v2.5) were no longer 297 possible for vAM (these scaffolds were already connected). Five connections formed 298 for v2.5 scaffolds were already introduced by the genetic map approach (see above).
299
Twelve connections which could be established in v2.5 were not formed in the PBjelly2 300 output for improving vAM, because the scaffolds were already connected with other 301 scaffolds. Since PBjelly2 only fills gaps with reads and is not able to place whole 302 scaffolds in gaps, it was necessary to split the vAM genome at certain points to be able 303 to obtain the twelve connections which were not present in the PBjelly2 output for vAM 304 (visualized in Figure 2 The GBS unprocessed and processed reads for genome mapping 2.5 and 3.0 are 376 available as supplmental files S1-S4. The linkage group information for both 2.5 and 13.2% to 6.8%) (Table 3) . given relative to the total number of scaffolds is given in brackets. For the number of 457 Ns, the percentage is relative to the total number of bases in the respective assembly. 
398
Migration of proteins to new genome version 460
The genome v2.5 harbors 23,594 annotated protein coding genes. Eight of them could 461 not be lifted because they were located next to a gap in the genome. Since it is possible 462 that PBjelly2 changes the sequences around gaps, the sequences of the genes were 463 not identical anymore and the programs were therefore not able to migrate some genes 464 from one assembly version to another. We checked the expression of the genes which 465 could not be lifted using Illumina RNA-seq data representing several developmental 466 stages (data not shown) and found that all of them had almost no expression, as a 467 result they were not lifted manually. In addition to some unlifted genes, there were 17 468 genes which could be lifted only partially due to the same reason. All the other 23,569 469 genes could be lifted. A set of 579 genes were removed due to being identical with 470 other genes, and 140 genes were removed because they were located completely in 471 another gene. A total of 1,202 genes have no starting methionine, 2,055 have no stop, 472 132 genes contain internal stops and for 1,019 genes the length of the CDSs is not 473 dividable by three. In the end 19,363 genes were lifted which were not marked as 474 potential pseudogene or partial. 475 We find that that start point (assembly version) for improvement is not relevant.
476
PBjelly2 is able to make more improvements using the PacBio data than with the We used JoinMap 4.1 to calculate the genetic linkage map for the Ae. arabicum RIL 509 population. For map v2.5, we first checked the marker similarity among the initial set 510 of 5,428 SNPs that were obtained from GBS based on genome v2.5 by a pairwise 511 comparison. SNPs that were highly similar (higher than 90%) were represented by one 512 marker, which refined the number of markers to 1,818. Grouping was selected at a 513 LOD threshold of 9.0, which led to the grouping of the expected 11 Linkage Groups 514 (LGs) (Figure 3 ). We further optimized each LG to avoid inflation of the map distance 515 due to saturating SNPs using a Maximum likelihood model. Markers that were not more 516 than 0.1 cM away were also eliminated. an assembly problem or that LG4 is a telocentric chromosome.
528
Overall the markers are distributed relatively dense and even in v2.5, with the biggest 529 gap smaller than 18 cM. SNPs that reside in the same scaffold were in agreement 530 among each other on the direction of their scaffold. The procedure to build genetic map v3.0 was similar to v2.5. SNP calling was 533 performed based on genome v3.0 instead of v2.5 resulting in a raw set of 141,914 534 SNPs. After similar quality control strategy as for v2.5, we construct v3.0 with a core 535 set of 632 SNPs (Figure 4) . The 11
LGs were maintained with the total size of~ 1945 is LG 1, and the smallest is LG 11 (Figure 4 ).
543
However, there is a significant difference between v3.0 and v2.5 at three LGs that 544 harbor clusters of segregation distorted SNPs, LG 5, 6, and 9 (equivalent LG 4, 11 and 545 7 in v2.5, respectively): the reduced number of markers as well as the increased 546 marker distance (Figure 3 and 4) 
